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The Center Frequency and its Temperature Characteristics of Saw-devices utilizing Quartz 
Substrates. 

1. Preface 

Recently, saw-devices have been getting an attention as devices of small and light, and high 
performance and high reliability, its research has been promoted, and some results are put in use 
for some practical applications. However, to expand the application area of this device, the 
authors think that some important issues, such as (i) fine adjustment of frequency, (ii) 
maintaining good temperature characteristic, should be solved. 

Traditionally, a method of selecting a suitable film thickness by putting an insulation film on an 
inter-digital type transducer, or a method of adjusting the electric load suitably by providing a 
reflective electrode have been evaluated for the above case (i), and a temperature compensation 
method using a material having cold temperature coefficient as a single substrate, search of 
cutting angle, or a layer structure, have been studied for the above case (ii). 

As for the crystal ST cut plate (+2°45 ', rotate Y plate, X-axis propagation), which is an only 
practical application having a cold temperature coefficient with respect to SAW (Surface 
Acoustic Wave) at room temperature, the authors have found an idea that can conduct a fine 
adjustment of frequency by correcting propagation direction in a substrate by using anisotropy 
of the crystal ST cut plate. Therefore, for the fine adjustment of frequency with this method, it 
is needless to say that the relationship between the in-plane rotation angle (a bias with respect to 
the X-axis of the propagation direction) and the phase speed of SAW should be clarified and it 
is also necessary to know the effect of the correction of propagation direction to the frequency 
temperature characteristic. If the good temperature characteristic of the crystal ST cut plate is 
maintained even if the fine adjustment of frequency is conducted, it can be understood that the 
issue (ii) is solved at once. 

Based on such viewpoints, this report evaluated the relationship among phase speed of surface 
wave and frequency temperature characteristic near the crystal ST cut plate, cutting angle, and 
in-plane rotation angle, including effects of metal film on electrode consisting a transducer, 
theoretically and experimentally. 



As a result, it is found that the adjustment of frequency is possible without impairing the 
temperature characteristic when a minute correction is made to the propagation direction, and 
that slowing of the phase speed and shifting of the peak temperature to lower side in the 
frequency temperature characteristic by the load effect of electrode, thus the prospect for the 
optimal designing for devices are gained. 



Fig. 7 

An example of the frequency temperature characteristic 
Changes of frequency Af/f (ppm) 
Temperature T (°C) 

Fig. 8 

Dependency of peak T p to cutting angle 
Peak temperature T p (°C) 
Cutting angle 0 (degree) 

Fig. 9 

Dependency of peak temperature T p to in-plane rotation angle 
Peak temperature T p (°C) 
In-plane angle |q>| (degree) 

Fig. 10 

Dependency of peak temperature T p to film thickness 
Normalized film thickness kH 
Peak temperature T p (°C) 



3.3 Frequency temperature characteristic 

The effect of the cutting angle 0, in-plane rotation angle 9 and metal film thickness kH to the 
frequency temperature characteristic will be described. Within the range of 0, q> and kH used 
in this analysis, Af7f, changes of frequency at the temperature T, are shown as quadratic curves 
(changes of frequency is -10 ppm when the temperature change is about ±15°C), and no 
significant change is observed. However, because the peak temperature T p , shown in the Fig.7, 
will be changed by the parameters of 8, <p and kH, a description is given with the viewpoint to 
this relation. 

Fig.8 and Fig.9 show dependency of peak temperature T p to cutting angle and to in-plane 
rotation angle when kH = 0. T p decreases with respect to the increase of 9, and increases 
gradually with respect to the increase of 9. 

Fig. 10 shows the relationship between T p and kH with several parameters of 9 when a metal 
film on electrode exists. With the increase of kH, T p shifts to the lower temperature side in 
linearly, and the shift amount for "Al on Quartz" is -8°C for the increase of 0.01 of kH, and for 
"Au on Quartz", -40°C for the increase of 0.01 of kH. It is clearly understood that the latter 
case has a significant effect compared to the former case. 



Fig. 15 

Dependency of peak temperature T p to in-plane rotation angle 

(Comparison with measured value) 
Peak temperature T p (°C) 
In-plane angle (p (degree) 

Calculated value 
Measured value 

Fig. 16 

Dependency of peak temperature T p to film thickness 

(Comparison with measured value) 
Normalized film thickness kH 
Peak temperature T p (°C) 

Calculated value 
Measured value 



4.2 Frequency temperature characteristic 

With the same sample used for the measurement of the phase speed, actual measurement of the 
frequency temperature characteristic was conducted and compared with the calculated values. 
The result shows that almost same quadratic curves are obtained for all samples, excluding the 
calculated value of Fig.7 and the position of the peak temperature T p . Therefore, by focusing 
the attention only to the peak temperature T p , dependency to film thickness, cutting angle, and 
in-plane rotation angle are summarized, and the comparison with the calculated values are 
shown in Fig. 15 and 16. 

From these results, it is understood that the tendency of the measured values and the calculated 
values is very uniform, although the absolute difference of 5-10°C exists between the two cases. 
The reason of the absolute difference may be attributed to the physical constant used for the 
analysis. 



